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FOREWORD 


Laboratory  investigations  were  conducted  at  the  U.S.  Army  Natick  Labora¬ 
tories  on  the  effect  of  a  lov  oxygen  controlled  atmosphere  system  on  the  shelf 
life  of  lettuce.  Results  shoved  an  advantage  in  favor  of  the  controlled  at¬ 
mosphere  system.  Therefore,  it  was  decided  to  conduct  a  field  test  using 
commercially  available,  controlled  atmosphere  shipping  vans  (Oxytrol*)  to 
determine  their  effectiveness  in  reducing  spoilage  of  lettuce  shipped  to 
military  Installations  overseas. 

In  addition,  a  Cooltainer**  van  was  also  included  in  this  field  test 
in  order  to  determine  the  effectiveness  of  a  nev  refrigeration  system  on 
the  shelf  life  of  lettuce. 

This  work  was  performed  under  Production  Engineering  Project  2270.3* 

Dr.  Rahman  was  the  principal  investigator. 
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especially  LTC  D.  A.  Chrlstophenson  at  Yokosuka  Naval  Base  and  Major  W.K.  Kerr 
at  Yokohama,  U.S.  Amy  Veterinary  Station  for  their  cooperation  and  personal 
involvement  in  the  detailed  coordination  of  \,he  test.  Personnel  in  various 
departments  of  DPSC  and  DSA  are  to  be  commended  for  their  valuable  assistance 
in  Implementing  this  test  especially  Col .  Richard  Smith  and  Major  Alan  Krome . 
Special  thanks  are  expended  to  the  Oxytrol  and  Frlgitemp  Corporations  for 
their  full  cooperation  throughout  the  field  test.  Acknowledgement  is  accor¬ 
ded  to  Messrs.  J.  K.  Stewart,  R.  T.  Hinsch  and  J.  Anthony,  U.S.D.A.  repre¬ 
sentatives,  for  their  valuable  assistance  and  active  participation,  especially 
in  the  loading  and  installation  of  thermocouples  in  the  vans.  Thanks  are 
also  accorded  to  personnel  of  the  President  Lines  and  Bud  Antle  Corp.  for 
their  corporation. 
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abstract 


A  shipping  test  from  Oakland,  California  to  Japan  was  conducted  to  deter¬ 
mine  the  effect  of  a  low  oxygen  controlled  atmosphere  system  (Oxytro-.)  as 
well  as  a  new  refrigeration  system  (Cooitainer)  on  the  shelf  life  of  lettuce 
shipped  to  military  organizations  overseas.  The  Oxytcol  system  is  a  complete, 
self -contained  atmosphere  control  system  designed  to  be  used  as  an  adjunct 
to  normal  refrigeration  equipment  in  conventional  transport  vehicles. 

Remits  Indicated  that  lettuce  shipped  under  the  low  oxygen  controlled 
atmosphere  system  (oxygen  level  ranged  from  2.2  to  k  percent)  gave  signli icantly 
higher  edible  yields  than  lettuce  shipped  in  conventional  or  Cooitainer  vans 
regardless  of  the  packaging  (wrapping  versus  no  wrapping)  and  packing  (wire- 
bound  wooden  boxes  versus  cardboard  wax  .impregnated  boxes). 

All  wrapped  lettuce  exhibited  significantly  higher  edible  yields  than 
unwrapped  lettuce  regardless  of  packing  and  shipping  runs.  However,  no  sig¬ 
nificant  difference  was  shown  between  lettuce  packed  in  wlrebound  wooden 
boxes  and  that  packed  in  cardboard  wax  uipcegiated  boxes  regardless  of  the 
shipping  vans .  The  ambient  temperature  in  tie  vans  as  indicated  by  the  Ryan 
recorders  as  well  as  the  heart  (compact  portion)  temperature  of  the  lettuce 
as  indicated  by  thermocouples  fluctuated  widely.  Although  the  controls  in 
all  vans  except  Cooitainer  were  set  at  34°  F»,  temperatures  as  high  as  4-5°F. 
were  recorded.  Chill  damage  to  the  lettuce  occurred  in  the  Cooitainer  van 
in  which  temperatures  as  low  as  ?9°  F.  to  3.1°  F»  recorded  for  several 

thermocouples  upon  arrival  to  Japan.  It  is  cc  icluded  that  shipping  lettuce 
in  controlled  atmosphere  vans  under  the  conditions  presented  in  this  field 
test  was  advantageous.  However,  further  shipping  tests  to  various  overseas 
destinations  are  recommended  in  order  to  obtain  sufficient  factual  data  on 
the  effect  of  various  atmosphere  systems  aid  refrigeration  systems  on  the 
quality  of  lettuce  and  other  fresh  produce. 


Introduction 


The  procurement  and  supply  of  fresh  produce  tc  the  Military  Services 
overseas  represents  a  sizable  investment  particularly  when  one  considers 
not  only  the  aquisition  cost  but  also  the  cost  of  inspection,  transporta¬ 
tion,  cold  storage  and  distribution  tc<  the  customer.  The  supply  of  high 
quality  produce  to  the  overseas  customer  is  essential  toth  for  morale  pur¬ 
poses  and  for  pood  nutrition .  However,  reports  continue  to  be  received  of 
spoilage  of  produce,  ■particularly  lettuce,  at  overseas  supply  points. 

Spoilage  of  lettuce  is  a  problem  which  has  existed  for  many  years.  Al¬ 
though  significant  improvements  have  been  made  in  packaging,  refrigeration, 
and  controlled  atmosphere  shipping,  spoilage  losses  are  still  encountered  in 
lettuce  shipped  overseas. 

In  1969  the  U.S.  Any  Natick  Laboratories  conducted  laboratory  tests  on 
the  shelf  life  of  lettuce  as  affected  by  controlled  atmosphere  systems  using 
Tectrol  (3)  and  Oxytrol  (l)  system*. 

Rahman,  et  al.  (l)  reported  on  previous  collaborated  research  conducted 
by  NLABS,  USDA  and  academic  institutions  on  the  effects  of  refrigeration 
temperatures,  packaging,  packing,  chemical  additive,  and  controlled  atmos¬ 
phere  on  the  shelf  life  of  lettuce.  It  was  alar  indicated  that  lettuce  stored 
under  controlled  atmosphere  system  at  oxygen  levels  ranging  from  3  to  5*8 
percent  and  temperatures  from  34  to  36*  F.  for  2  to  7  weeks  gave  significantly 
higher  edible  yield  and  showed  higher  mean  scores  for  overall  quality  than 
lettuce  stored  tinder  normal  atmosphere  at  similar  temperatures.  As  a  result 
an  overseas  field  test  using  commercially  available  controlled  atmosphere 
vans  was  conducted. 


Experiment  \1  Prrcedures 

A  Factorial  Design  experiment  was  developed  to  determine  whether  a  con¬ 
trolled  atmosphere  system  (Oxytrol*)  as  well  as  a  new  refrigeration  system 
(Cooltainer**)  would  increase  the  shelf  life  of  lettuce  as  compared  with  the 
conventional  van  system  during  military  overseas  shipment. 

The  Oxytrol  system  is  a  complete,  self-contained  atmosphere  control  system 
designed  to  be  used  as  an  adjunct  to  normal  refrigeration  equipment  in  con¬ 
ventional  transport  vehicles.  Liquid  nitrogen  supplied  from  a  portable  con¬ 
tainer  is  used  to  reduce  the  oxygen  level.  The  van  is  in. aviated  and  equipped 
with  a  refrigeration  unit  to  control  temperatures.  Automatic  operation  of  the 


*  Oxytrol  is  a  registered  trademark,  of  Occidental  Petroleum  Corporation. 

**  Coo.ltainer  is  a  registered  trademark  of  Frigitemp  Corporation. 
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1  !ow  provided  ty  spe-tla  1  zaatrol  *  in  tie  system*  Carbon  dioxide  released 
dai  lag  .-espc  - a*"i:n  is  ma  Lrta.'.uei  & '  &  1 ' v  le^^el  by  means  <  f  hydrated  lime 
.scrubber).  The  Cowlt-ainer  vap.  vas  equipped  with  dual  compressors,  deal  con- 
deusers  and  r-t her  system  •'cciror.erhs  for  in. -Iran si*-  back  up  and  reserve  capacity. 
The  w)  uses  pressurized  air  circulation  -  high  volume.  positive,  center— sT 
I'.>ud  distribution  featuring  un.de r -the -floor  air  flow. 


Jcel-e rg  lettuce  of  the  Var.garvt  seed,  rar'evr  vas  used  Sn  the  field  test. 
All  was  M-.  L  grade  lettuce  in  accordance  with  Federal  Specification  HHH-L- 
22od  Let  to  •*.  Fresh  and  picked  from  the  same  field  on  22  May  1970  at  Salinas, 
California.  The  lettuce  was  packed  in  the  field  and  immediately  vacuum 
cooled  t >  ice  desire*  heart  ierperatire  as  measured  by  a  USDA  inspector. 

The  cases  of  lettuce  were  loaded  into  mechanically  refrigerated  vans  in 
accordance  with  Table  1.  The  loading  pattern  which  ellowa  maximum  air  circu¬ 
lation.  throughout  the  van,  was  performed  under  thi  supervision  of  US  DA  re- 
presentatives  in  accordance  with  Tranoportat lor.  bulletin  N<o0  9  (Headquarters, 
Defense  Personnel  Support  Center''.  The  time  schedule  for  the  field  test  is 
shown  iu  Table  2. 

IS  BA  r=p:^  tentative  s  inserted  2t  trercuv;  .^rlee  at  random  in  individual 
heads  of  lettuce  throughout  each  controlled  atmc sphere  van  as  well  as  the 
Cooltaioer  van,  However,  only  ten  thermc*ce<i?les  were  used  in  each  of  the  con¬ 
ventional  van s -  These  thermocouples  were  use-i  to  check  the  heart  temperature 
of  the  1 entice  during  the  field  test. 

The  five  ,*ans  were  held  for  two  weeks  at  Vjk  Fresldert  Line  piar  in  San 
Francisco.  California,  since  it  vas  desired  that  the.  tlve  between  picking  and 
arrival  overseas  be  net  less  than  4  weeks.  7>dAa^  this  period,  daily  temper¬ 
ature  readings  were  recorded.  'rhe  'rare  war-.-  •-viei  sht-arvi  the  President 
McKinley  snip  -u  cute  is,  197'.  ship  arolrsc.  .•♦  l  lobama  Japan  an  2p 

June  197C  with  the  lattice  5  weeks  after  picking.  The  five  vans  were  off¬ 
loaded  and  arrival  temperature 3  recorded  as  well  as  a  tyrlte  best  for  percent 
0.  and  CO  .  ’Vo  vats  a  ecutrculed  atmtepinere  a;ii  a  <■-: 5C.vearb2/*?Al,  were  de¬ 
livered  t  •  Yokosuka  Naval,  base  and  the  rest  remained  &*.  Yokohama.  Temperature 
.■r'rh  were  mai.-.tainel  i:.  ee oh  vac  using  tsc : >rderf .  oxygen  levels  were 

measure d  i.%  the  oor.tr  :•  lied  abac sphere  ’ran  using  at.  Op  HCfeter.  ltd  aid.it.ion  O2 
and  <X>.,  wer*?  measured  peri vlicaily  using  the  Tyr.*  :•*.  analyzer.  The  Og  level 
ecu  ring4"  the  field  test  is  pre.sen.fti  ic.  Flgurrci  1.  f!!ue  CO,  lyrite  readings  were 
he  low  .1  percent  through  rut  field  test..  tvpper.-osures  recorded  during 

the  field  tes*  are  shown  It  ’’a;  „e  3* 

Test  samples  re/vresert  log  approximately  ~S>  t»st".ect  of  the  total  load  were 
withdrawn  ac.i  neld  in  cl:  sb  rage  at  Lv/ .  Aii'.flv:.rl  samples  were  taken  hy 
military  personnel  to  be  evaluated  it  accoriac.ce  with  Veterinary  Corp  Inspec¬ 
tion  Fr  .edures, 

<Axi.taT  i  - . .  f  letfute  was  made  Immediately  -apf®.  arrival  (5  weeks  after 
piuki  -,g?  and  o:*.f  ioued  uc.fi  L  the  lettuce  was  7  weeks  old  after  picking,  using 

the  f-'i.-.  wing  or*  coda  ~e : 
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1.  Overall  appearance  -  using  a  9-point  scale  (9  *  field  fresh,  1  » 
inedible,  Figure  2) 

2.  Defects,  such  as  decay,  pink  rib,  russet  spotting,  mold  etc.  using 
a  9-point  scale  (9  »  defects  absent;  1  =  severe  defects,  Figure  2). 

3.  Edible  yield;  determined  by  removing  the  butts  as  veil  as  the  defec¬ 
tive  parts  of  the  lettuce  head  and  weighing  the  remainder  as  the 
edible  portion.  This  was  divided  by  the  original  weight  to  obtain 
percent  edible  yield. 

Where  applicable  the  data  obtained  was  statistically  evaluated  by  analysis  of 
variance . 


Results  and  Discussion 


Edible  yield 

Average  percent  edible  yields  of  lettuce  during  the  5th,  6th,  and  7th 
week  after  picking  are  shown  in  Tables  4  and  5  and  Figures  3  and  4.  Lettuce 
shipped  under  controlled  atmosphere  conditions  in  which  oxygen  level  ranged 
from  2.2  to  4  percent  gave  significantly  higher  edible  yield  than  lettuce 
shipped  in  conventional  or  Cooltainer  vans  regardless  of  packaging  (wrapping 
vs.  no  wrapping)  and  packing  (virebound  wooden  boxes  vs.  cardboard  wax  Im¬ 
pregnated  boxes).  A  higher  percentage  of  edible  yield  of  trimmed  wrapped 
lettuce  (5>&  to  17.056)  and  of  untrlmmed  naked  lettuce  (7*5  to  19*3^)  was 
obtained  from  controlled  atmosphere  vans  in  comparison  with  conventional 
vans.  A  higher  percentage  of  edible  yield  ranging  from  5.1  to  21.0  for 
trimmed  wrapped  lettuce  and  5*5  to  32.0  for  untrlmmed  naked  lettuce  was  ob¬ 
tained  from  controlled  atmosphere  vans  in  comparison  with  the  Cooltainer 
van  (Table  6). 

All  trimmed  wrapped  lettuce  exhibited  significantly  higher  edible  yield 
th^n  unwrapped  lettuce  regardless  of  packing  and  shipping  vans.  However,  no 
significant  difference  was  shown  between  lettuce  packed  in  wooden  virebound 
boxes  and  that  packed  in  cardboard  wax  impregnated  boxes  regardless  of  the 
shipping  vans.  Although  edible  yield  lettvi.ee  fr cm  the  conventional  as  well 
as  the  Cooltainer  vans  was  significantly  lower  than  that  of  the  controlled 
atmosphere,  the  difference  in  edible  yield  between  the  unwrapped  lettuce  of 
the  Cooltainer  van  and  that  of  the  conventional  vane  was  also  significant. 

Edible  yield  of  unwrapped  lettuce  packed  in  wax  impregnated  boxes  5 
weeks  after  picking  obtained  from  the  Cooltainer  vans  was  slgnlflc  ntly 

tbfta  th&t  obt-siiiwi  tvosi  thft  cofiygstio?utl  yan .  xh.*  of 

6  and  7  weeks  after  picking,  significantly  higher  edible  yield  of  similar 
lettuce  was  obtained  from  tbe  conventional  vans  than  the  Cooltainer  van.  Such 
differences  were  not  significant  between  the  wrapped  lettuce. 
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Temperature  Control 


From  the  temperature  records  (Table  3) j  it  is  evident  that  fluctuations 
of  several  degrees  in  temperature  took  place  i'i  all  the  vans.  For  four  con¬ 
secutive  dayc  the  temperature  was  above  40?  F.  in  3  of  the  vans  (565195* 

565178  and  565198),  whereas  in  the  Cooltainer  van  as  well  as  van  Ho.  565-07 
the  temperatures  ranged  from  32  to  40°  F.  The  lettuce  temperature  in  the 
conventional  van  565178  with  lettuce  packed  in  virebound  wooden  boxes  was 
higher  than  the  other  conventional  van  No.  565207  where  the  lettuce  was 
packed  In  cardboard  wax  impregnated  boxes.  However,  these  differences  did 
not  influence  this  quality  of  the  lettuce  since  no  significant  difference  was 
oti&l  l  between  lettuce  packed  in  wooden  boxes  and  that  packed  in  wax  im¬ 
pregnated  boxes. 

The  ambient  temperature  as  well  as  the  heart  temperature  of  the  lettuce 
in  the  Cooltainer  van  was  relatively  lower  than  the  other  vans  and  chill 
damage  was  evident  upon  arrival  to  Japan.  Five  thermocouple  readings  ranging 
from  29  to  31°F.  were  recorded  upon  arrival  to  Japan.  No  such  low  reading 
was  recorded  during  the  stationary  period.  This  suggests  that  the  temperature 
may  have  dropped  to  a  freezing  level  aboard  ship  during  the  11  days  sea  voyage. 
The  chiU  damage  occurred  at  higher  frequency  and  intensity  In  the  unwrapped 
lettuce  than  the  t ringed  and  wrapped  lettuce.  This  could  explain  the  low 
edible  yield  obtained  with  the  unwrapped  Cooltainer  lettuce. 

There  are  obvious  engineering  problems  associated  with  the  maintenance 
of  temperature  in  shipping  vans  within  the  desired  range  of  32°  -  34° •  There¬ 
fore,  the  use  of  a  controlled  atmosphere  system  as  a  safeguard  to  combat  tem¬ 
perature  fluctuations  is  Justified  for  extended  shipping  periods. 

Gas  analyses  (Figure  l)  show  that  the  Op  content  in  the  controlled  atmos¬ 
phere  was  fluctuated  slightly  during  che  field  test  ranging  from  2.2  to  4  per¬ 
cent.  The  <X>2  content  was  maintained  below  1  peri'env  since  it  was  scrubbed 
by  the  hydrated  lime. 

Overall  Appearance  and  Defects 

Fink  rib  ranging  from  moderate  to  severe  was  evident  in  lettuce  shipped 
in  the  conventional  and  Coclt&lner  vans  whereas  it  was  absent  or  slight  In 
lettuce  shipped  in  the  controlled  atmosphere  vans.  Similar  Observations  were 
made  relative  to  the  occurrence  of  slime  pod  decay.  Russet  spotting  was  very 
slight  in  all  the  lettuce. 

Higher  average  scores  for  appearance  and  absence  of  defects  were  obtained 
in  lettuce  shipped  in  controlled  atmosphere  vans  tban  that  shipped  in  conven¬ 
tional  or  Cooltainer  vans  (Tables  f  and  8). 
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The  Veterinary  Corps  Inspectors  reported  3,  10  and  14  percent  losses  In 
lettuce  packed  In  wax  impregnated  boxes  and  shipped  In  controlled  atmosphere 
conventional  and  Cooltalner  vans  respectively  5  weeks  after  picking,  compared 
to  3.5  and  6.2  percent  loss  for  lettuce  packed  In  virebound  wooden  boxes  and 
shipped  In  controlled  atmosphere  and  conventional  vans,  respectively.  These 
results  were  not  based  on  complete  examinations  (Internal  and  external)  of 
each  lettuce  head. 

A  cost  analysis  estimate  of  controlled  atmosphere  Is  presented  in  Table 
9.  It  Indicates  that  a  reduction  In  approximately  9  percent  lettuce  loss  Is 
required  to  defray  the  additional  cost  of  controlled  atmosphere.  Reduction 
In  losses  of  edible  yield  lettu.ce  obtained  in  this  field  test  are  often 
higher  than  the  reduction  required,  to  defray  the  additional  cost  of  the  con¬ 
trolled  atmosphere  system  (table  6). 

It  Is  concluded  that  shipping  lettuce  in.  controlled  atmosphere  vans  under 
the  conditions  present  In  this  field  test  was  advantageous.  However,  further 
field  tests  or  regular  shipments  that  can  provide  a  equate  data  on  the  quality 
of  lettuce  are  reconended  to  various  destinations  In  Southeast  Asia  and 
Europe  In  order  to  obtain  sufficient  factual  data  on  the  effect  of  the  various 
controlled  atmosphere  systems,  as  well  as  refrigeration  systems  on  the  quality 
of  fresh  produce. 

The  use  of  wrapped  lettuce  Is  recommended  In  place  of  unwrapped  due  to 
the  higher  edit _e  yield  of  wrapped  lettuce  shipped  in  all  the  vans.  Since 
no  difference  was  exhibited  between  lettuce  packed  in  #1  rebound  wooden  boxes 
and  that  packed  In  flberboard  wax  impregnated  boxes,  It  is  recommended  that 
lettuce  be  shipped  In  the  latter  containers  due  to  their  lower  cost  (2)  and 
better  configuration  which  leads  to  better  stacking  and  handling. 
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Table  1.  Loading  Variables  of  the  Lettuce 


Federal  Specification  PPP-F°635B  Fresh  Fruits  and  Vegetables,  Packaging,  Packing  and  Marking  Of. 


Table  2.  Time  Schedule  of  the  Lettuce  Field  Test 


Date 

Days  after 
picking 

Operation 

22  May  TO 
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Hardest  and  loading  into 
the  vans 

15  June 

23 

Loading  the  vane  aboard 
ship  in  San  Francisco 

25  June 

33 

Unloading  the  vans  at 
Yokohama,  Japan 

26  June  -  10  July 

50 

Product  evaluation 

i 

1  _ 

Table  4,  Percent  Edible  Yield  of  Lettuce  Packed  in  Wire bound  Wooden  Boxes  as  Affected  by 
Controlled  Atmosphere  System  and  Temperature  During  Transportation 
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Table  5.  Percent  Edible  Yield  of  Lettuce  Packed  in  Wax  Impregnated  Boxes  as  Affected  by  a 
Controlled  Atmosphere  System  and  Temperature  During  Transportation . 
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Table  6.  Additional  Sdible  Yield  Resulted  from  the  Use  of  Con¬ 
trolled  Atmosphere  System  Over  Conventional  or  Cooltainer 
Systems 


Ov\.r  Cooltainer 
System 

Over  Conventional 
System 

line  in  Weeks 

Cardboard  wax- 

Wire bound 

Cardboard  wax- 

Wlrebound 

impregnated  box 

wooden  box 

impregnated  box  wooden  box  1 

Wrapped 

Unwrapped 

Wrapped 

Wrapped 

Unwrapped 

Wrappec 

Unwrapped 

5 

9-2 

5-5 

5-1 

BS 

13-7 

12.4 

5.8 

11.9 

6 

10.7 

13-9 

10.4 

— 

21A 

14.3 

7-5 

7.5 

9.8 

7 

21.0 

31.0 

15.8 

32.0 

17.0 

12.9 

14.7 

19.3 

12 
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/igure  1.  Oxygen  Levels  in  Controlled  Atmosphere  Vans  During  A  5-week  Shipping  Period 


0 .A.  (W.V.L)  =  Overall  Appearance  -  With  Wrapper  Leaves 


FIGURE  2.  TECHNOLOGICAL  EVi 


Figure  3-  Percent  Edible  Yield  of  Wrapped  and  Unwrapped  Lettuce 
Packed  in  Wi rebound  Wooden  Boxes  as  Affected  by 
Temperature  and  Atmosphere  Conditions  of  Shipping  Vans 
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Figure  4.  Percent  Edible  Yield  of  Wrapped  and  Unv 
Lettuce  Packed  In  Cardboard  Wax  Impreg 
Boxes  as  Affected  by  Temperature  and  A 
phere  Conditions  of  Shipping  Vans 
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packing  and  shipping  vans.  However,  no  significant  difference  was  shown  between 
lettuce  packed  in  wirebound  wooden  boxes  and  that  packed  in  cardboard  wax  impregaated 

boxes  regardless  of  the  shipping  vans.  The  ambient  temperature  An  the  vans  as  indica¬ 
ted  by  tne  Ryan  recorders  as  well  as  the  heart  ^compact:  portion j  temperature  ortne 

lettuce  bb  indicated  by  thermocouples  fluctuated  widely.  Although  the.  controls  in 
all  vans  except  Cooltainer  were  set  at  34°F.,  temperatures  as  hied  as  45PF..  were  re¬ 
corded.  Chill  damage  to  the  lettuce  occurred  in  the  Cooltainer  van.  In  which  tempera- 


the  conditions  presented  in  this  field  test  was  advantageous.  However,  ruruner 
shipping  tests  to  various  overseas  destinations  are  recommended  in  order  to  obtain 
sufficient  factual  data  on  the  effect  of  various  atmosphere  systems  and  refrigeration 
systems  on  the  quality  of  lettuce  and  other  fresh  produce. 
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